Abstract In this short paper, bilinear form of a negative order AKNS equation is given. The N -soliton solutions are obtained through Hiorta's direct method.
Introduction
Recently, many integrable hierarchies of soliton equations have been extended to hierarchies of a negative order equation by many authors using an inverse recursion operator . [1−17] For example, in Refs. [1] and [2] the first negative-order Korteweg-de Vries equation was given, in Refs. [7] and [8] the short pulse equation was given, in Refs. [9] ∼ [13] the Camassa-Holm equation and its soliton solutions were discussed, while in Refs. [14] and [15] the Degasperis-Procesi equation and its N -soliton solution were studied.
In this paper, we will derive the soliton solutions of a negative order AKNS equation by the Hiorta's direct method. [18] 2 Negative Order AKNS Equation
Consider the AKNS spectral problem, [19] 
and the auxiliary spectral problem described as follows:
The zero curvature equation
which is equivalent to
where A 0 = A 0 (t, λ), and
If we assume λ t = 0,
into Eq. (4) and comparing the coefficients of the same power of λ, we have
We can obtain the following negative order AKNS equation hierarchy, [20] 
Rewrite the negative order AKNS equation hierarchy (5) as follows:
When m = n = 1, we can obtain the following negative order AKNS equation with a proper transformation q = −q, 
3 Soliton Solutions to Negative Order AKNS Equation
In this section, we will derive the bilinear form of Eq. (7) and obtain the N -solution solutions through the Hiorta's direct method.
Through the dependent variable transformation
equation (7) can be transformed into the bilinear form
where D is the well-known Hirota' bilinear operator defined by
equation (9) can be written in the following forms by comparing the coefficients of the same power of ε,
From the first equations of Eqs. (10) and (12), we can assume
where a, b, a = b, ξ (0) , η (0) are arbitrary constants. Substituting g (1) , h (1) into the first equation of Eq. (11), we can obtain
Assume
. ., we can find equations (10) ∼ (12) still hold. Hence, we obtain the following one-soliton solution of the negative order AKNS equation (7) when ε = 1,
When we choose a = 1, b = 0.5, figure   1 is the shape and motion of q-soliton in the solution (15) . From the first equations of Eqs. (10) and (12), we can assume
(i, j = 1, 2) are arbitrary constants. Substituting g (1) and h (1) into the first equation of Eqs. (11) and we can obtain f (2) = e ξ 1 +η 1 +θ 13 + e ξ 1 +η 2 +θ 14 + e ξ 2 +η 1 +θ 23 + e ξ 2 +η 2 +θ 24 ,
into the second equations of Eqs. (10) and (12) 
Substituting g (1) , Assume
. ., j = 6, 8, . . ., we can find equations (10) ∼ (12) still hold. Hence, we obtain the following two-soliton solution of the negative order AKNS equation (7) when ε = 1
When we choose a 1 = 0.2, figure 2 is the shape and motion of q-soliton in the solution (16) . In general, from the first equations of Eqs. (10) and (12), we can assume
. . , n) are arbitrary constants. We can have the following form of N -soliton solutions of the negative order AKNS equation (7) with ε = 1,
where 
